Thus, the Commission has proposed exclusive use assignments in
the 150-174, 421-430 and 450-470 MHz bands.

The Commission has imposed co-channel separation or channel
exclusivity even where the result has been that only two
providers of the specific service at issue would result. For
example, the Commission's recent proposal to redesignate the 28
GHz band for local multipoint distribution service would license
two licensees in each area.’ The Commission noted such rules
would "reflect the maximum flexibility for licensees to construct
communications systems in which the public is interested."®
Moreover, it also noted that coordination and sharing criteria
would be difficult to implement because "the multicell multipoint
configurations in this proposal envision a wide area distribution
of services which may foreclose the possibility of acceptable
sharing conditions between satellite and terrestrial services."¥

In its recent interactive video and data services

proceedina.®® the Commission stated it would "make freauency

4 u i o _Amend Par and Part of the

commission's Rules to Redesignate the 27.5 - 29.5 GHz Freguency
Band and to Establish Rules and Polices for Local Multipoint

Distribution Service, CC Docket No. 92-297, RM-7872, RM-7722
(Jan. 8, 1993).

48 Id. q 16.
9 Id. q 22.

S0 Report & Order, Amendment of Parts 0, 1, 2, and 95 of
the Commission's Rules to Provide Interactive Video Data

Services, RM-6196, 7 FCC Rcd 1630 (1992).
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assignments in this service on an exclusive basis."' Each

market would have two licensees, yet the Commission expressly

found that a competitive market would result.

. .« . there are two frequency segments
available in each service area or market.
Consequently, there is the potential for two
IVDS providers in each market, making
possible direct competition. 1In addition,
licensees providing IVDS service face
competition from other technologies such as
the public switched telephone network and
interactive (two-way) cable television based
systenms. %

The Commission has thus recognized that, particularly when other
types of technologies offer competitive alternatives, licensing
of two service providers per market can promote a competitive
environment.

Finally, the Commission can be assured that adoption of a
co-channel separation environment such as Teletrac has proposed
will provide for efficient and valuable use of this spectrum. In
granting Teletrac's request for a waiver to provide service
directly to individuals, the Chief of the Private Radio Branch
stated

Pactel's location response system uses a wide
band pulse technology that spreads
transmitted energy across several megahertz

of bandwidth, thereby reducing the amount of
energy-per-hertz and interference to other

st Id. ¢ 54, 7 F.C.C. Rcd at 1637. M"Exclusive" in that
proceeding was defined to mean that "a licensee is the only party
authorized to transmit in the assigned frequency segment in the
service area the licensee is authorized to serve." There would be
no real exclusivity here because of the shared use among ISM,
Government, LMS, Part 15 and amateurs. Id.

52 _I_d_-
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{

services authorized in the band and enhancing

the efficient use of the spectrum.

Manifestly, PacTel's system increases

communications options by providing the

public with a new, innovative service.®
Should Teletrac's proposal for co-channel separation of wideband
systems be adopted, the Commission will have created an

environment that will permit such efficient, innovative service

togantinue,

The NPRM puts forward two alternative licensing schemes.
The first assumes that sharing is immediately feasible and that
the licensees can coordinate among themselves. However, as the
various studies demonstrate, it is not immediately feasible and
there is nothing to suggest that the licensees could, under such
circumstances, ever effectuate a coordination scheme that would
make any technical or economic sense.

The second alternative assumes continued licensing but with
110 mile co-channel separation as Teletrac has proposed. At the
end of five years new non-exclusive licensees would be admitted
to the band but would be required to protect any previously
licensed co-channel wideband system. Of the two, this is the
less troublesome alternative since it at least recognizes that a
problem exists and makes some effort to minimize uncertainty. To
achieve implementation of this concept, Teletrac proposes rule

language which states:

¥ Letter ruling dated June 5, 1992 from R.A. Haller,



(a)

(b)

(c)

(d)

Until [five years after effective date of new
rules), no new license applications will be
accepted in the 904-912 and 918-926 MHz bands
for wideband systems that are located within
180 km (112 miles) of any previously licensed
co-channel wideband system as determined by
the distance between coordination points.
Existing licensees and potential applicants
shall each specify a coordination point
determined from Table 1 of 47 C.F.R.

§ 90.635. Outside urbanized areas, the
coordination point shall be the center point
of the LMS service area.

No potential applicant shall install a fixed
receive point more than 90 km (56 miles) from
its own coordination point.

No potential applicant shall specify a
forward link transmitter site more than 80 km
(50 miles) from its own coordination point.

Forward link transmitters shall be subject to
the following limitations on distance from
coordination point and antenna height, based
on a transmitter ERP of 300 watts.

Ditancs of | Auenna belgh shove averece
transmitter from rra , imu _po e
. forward link transmitters
coordination (300 w ERP)
point
(km) (Meters) (Feet)
0-10 450 1,476
10-20 350 1,148
20-30 250 820
30-40 200 656
40-50 125 410
50-60 80 262
60-70 40 131
70-80 15 438
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(e) Potential applicants may specify locations
and antenna heights that do not conform to
these restrictions upon prior written
agreement by all licensees where coordination
points are within 110 miles of the
coordination point of the proposed facility.

(f) Any license issued after [five years after
effective date of new rules] shall be
secondary to, and shall not cause

interference to, wideband systems first
licensed prior to November of that date.

C. Other NPRM Proposals
1. Equipment Authorization

Paragraph 28 of the NPRM requests comments on whether LMS
equipment should be type accepted. Units approved for use in the
LMS service should be subject to equipment authorization to
document compliance to power, bandwidth, frequency stability and
spurious emissions requirements. Equipment authorization should
become mandatory and should begin one year after the effective
date of the permanent rules. Equipment authorization should also
apply to tag readers, used by several current identification
system providers, as well as to the reflector tags themselves.
Certain types of tags operate as low power transmitters,
receiving, modulating, and retransmitting a signal.

We believe that notification is the appropriate form of
equipment authorization. Notification offers the least burdens to
the Commission and to equipment providers and licensees. Under a
notification mechanism, LMS licensees will have a strong
incentive to assure that user equipment is in compliance, so as
to promote efficient spectrum usage. A notification mechanism

- 48 -~






4. Emission Limits

The requirement to suppress emissions outside the authorized
bandwidth should reflect the realities of the 902-928 MHz band.

We vronose that_the 55+ 10 log (P) JB suppregsion appbly onlv to

emissions outside the 902-928 MHz band. Further, we propose that
99% of the power of any emission be contained within the
authorized bandwidth. With respect to emissions outside the
authorized bandwidth but still within the 902-928 MHz band, we
propose that emissions should be allowed provided they are
secondary and do not cause interference to other LMS licensees.
The 99% power limitation will assure that interference will be
very unlikely.

S. Distribution of Power Across Channel

The requirement for even distribution of power across a
channel (NPRM § 30) is not practical given the nature of the
wideband pulse ranging systems. The modulation techniques used
to develop accurate TOA measurements do not result in perfectly
even distribution. Rather, the requirement for small pulse rise-
times produces uneven distribution. The rule would limit high
level narrow band signals within the wideband segment. However,
the direct sequence spread spectrum techniques that Teletrac
uses, and, we expect, others will use, should remove such
spectrum peaks and alleviate any policy concerns. Specific
restrictions could stifle innovation, so we recommend against

then.
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6. Warning Information

Teletrac generally concurs with the proposal to advise
consumers regarding interference potentials. NPRM § 24.
However, we do object to the requirement that this warning
language appear on brochures, because this could be interpreted
to mean marketing brochures rather than brochures supplied with
the LMS device. The Commission's marketing rules (Section 2.801,
et seq.) are already sufficient and need not be changed. The
proposed language could cause confusion in interpreting the
marketing rules. Consequently, we believe the warning language
should be required only for instruction manuals and operating
manuals.

7. Forward Links

The Commission has proposed (NPRM ¢ 19) to allow wideband
pulse-ranging LMS operators to retain their current
authorizations for forward links, but has also asked for comment
as to whether forward links should be moved into the same 8 MHz
band as the operations they support. Wideband pulse-ranging
technology is currently designed to operate with a forward link
as deployed. Others, who have not yet built or operated a
commercial system may believe there are other design
technologies. But they have not been proven. Accordingly, we

support the Commission's proposal.
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8. Possible Interference-Induced LMS System
Fajlures

The Commission has sought comment on measures that might be

needed to protect against life-threatening failures of LMS
systems due to interference from Part 15 and other lower-priority
users. NPRM § 24. Total system failures are not likely to occur
due to interference from these users®, partly because of the
design of Teletrac's network, partly because we have educated
some of these users to avoid our frequencies, and partly because
of our incentive to minimize our service interruptions. Rather,
we are more likely to get degraded accuracy rather than total
system failure.

The interference risk from non-directional antennas depends
on the power of the interfering signal. But, a signal strong
enough to cause interference is also strong enough to locate
through direction-finding techniques, and non-directional
emitters are more easily located than directional emitters. It
is in Teletrac's interest to locate sources of interference as
quickly as possible.

We have worked successfully, we believe, to educate the
amateur radio community about frequency sharing obligations in
the 902-928 MHz band. This has minimized the likelihood of
future problems, we believe. As we roll out our systems in

additional cities, we plan to continue this education process.

5 However, as the preceding pages make clear, there would
be a much greater likelihood of system failure from narrowband or
co-channel wideband interference.
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One might conceive of a life-threatening incident affecting
an LMS user at exactly the same time that a new, previously
undetected source of interference were to occur. The probability
of the interference totally disabling the LMS system is very
small. The joint probability of both occurring at the same time

is even smaller.

IIXI. CONCLUSION
For the reasons stated in these Comments and accompanying
Appendices, the Commission should adopt final rules for LMS
service that will promote expansion of the industry. Teletrac
believes its recommendations are amply supported and will help to

achieve that goal.

Respectfully submitted,

PRESTON GATES ELLIS
& ROUVELAS MEEDS
STANLEY M. GORINSON
JOHN LONGSTRETH
Suite 500
1735 New York Avenue, N.W.
Washington, D.C. 20006-4759
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Engineering Analysis of
Cochannel Pulse-Ranging LMS Systems

I. introduction

In 1974 the FCC set aside two eight-megahertz bands (904-912 MHz and 918-926 MHz)
for the operation of wide band pulse-ranging automatic vehicle monitoring systems.'
The FCC is now proposing to adopt permanent rules for the operation of those systems
(now which are to be renamed location and monitoring services). A principal issue in
the proceeding is whether multiple LMS systems can share a single LMS band in the
same city. We have been asked by PacTel Teletrac to examine the engineering and
economic issues involved in sharing among systems. Our goal has been to be objective,
and we believe we have achieved that goal. However, our analysisv led to a clear

conclusion: Sharing among LMS svstems is not reasongbly feasib}q for a varietv of : .

1y

o

-~ ______________________________________________________________________________________________________________________________________________________

— .
1

L.l .
"ﬁ_—!‘

- simplistic. 902-928 MHz is and will remain a shared band used by ISM, government,

Part 15 and amateurs as well as LMS systems. That premise is not at issue in the

proceeding. The key question is whether commercially viable LMS services will be

available to the public in that shared band.

! Early work in AVM systems was stimulated by the President’s Commission on
Law Enforcement and Administration of Justice. See, in particular, Task Force Report:
Science and Technology, USGPO, 1967. One recommendation of that task force was
that the utility of car locators in police operations should be assessed. In the years
following 1967 the federal government funded several studies of AVM systems and
- permitted sharing of the 902-928 MHz band with AVM systems licensed by the FCC.
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We do not dispute the importance of determining whether nonseparated cochannel
operation is feasible in 1993 because technology has changed enormously in the two
decades since 1974. This report looks at the technical feasibility of channel sharing,
assuming that sharing would be governed either by the existing rules (47 CFR 90.239) or
the approach proposed in the FCC's Notice of Proposed Rulemaking (PR Docket No.
93-61). These rules limit power and bandwidth, but 'they do not specify modulation,

coding, or the time pattern of transmissions.

II. The Problem of Interference
One purpose of governmental regulation of radio is to limit or prevent interference to
radio communication systems. Many kinds of electronic or electrical equipment generate

radio frequency energy that causes interference with other radio systems or equipment.

Examples of radio interference abound. Turning on a hair dryer can disrupt the picture
on a nearby TV. Bringing an FM radio near a computer can cause the radio program to
be drowned out by the hiss and whine of the unintentional radiation from the computer.
Someone listening to a far-off AM station in a car at night will hear a sudden roar of
static as he or she pulls the car into a service station and parks the car under a bank of

florescent lights. CB radios sometimes cause interference to TV reception.

Technologists measure and categorize interference. In a telephone system the added
noise in the voice channel can be measured. One can measure the increase in bit error
rate of a digital communications system. Other measures of interference effects only
apply to more severe conditions. For example, high levels of interference can make
analog receivers lose track of the carrier frequency. Similarly, high levels of interference
can cause digital systems to lose synchronization — and thereby disable the receiver

entirely.

Related to the concept of interference is the concept of harmful interference —
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harmful interference as interference that seriously degrades or repeatedly interrupts a
radio communications service.> For example, the FCC's rules governing private
microwave systems generally prohibit any interference that will raise the noise threshold

of a receiver by 1.0 dB.}

Harmful interference can adversely impact any wideband pulse-ranging location and
monitoring system in several different ways. For example:
. interference can significantly degrade the accuracy of location estimates
provided by the system;*
. interference can create holes in the coverage area — regions where
accuracy is profoundly degraded or the system does not function at all;
° interference may reduce capacity thereby increasing costs to consumers as
fixed costs must be recovered from fewer customers or even reduce

capacity below the point where the service is economically viable;

° interference can create uncertainty about the acceptable functioning of the
service and thereby make users unwilling to trust the system; and
° perhaps most harmful of all, interference can become so severe that

receivers are unable to reliably determine the presence of pulses and
therefore cannot even begin to measure the time-of-arrival of such pulses.’

? See 47 CFR § 2.1 Harmful interference depends not merely on how much
interfering energy is present in the receiver or on signal-to-noise ratios, although these
are important, but also on the nature of the system receiving interference.

3 See 47 CFR § 94.63(c) or § 94.93(d)(2)(ii).

* Changing the average error of location estimates from 100 feet to 200 feet would
be harmful interference while changing the average error from 100 feet to 100.5 feet
would not. Again, harmful interference is an economic concept.

5 Technically speaking, interference at sufficiently high levels will prevent the
receiving subsystem in a pulse-ranging system from acquiring symbol synchronization.
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The definition of harmful interference just looks to the threshold — the level where
interference begins to have appreciable economic effects. But, of course, interference
can go far beyond this level. Interference can become fatal — destroying system

operation — not just degrading system operations.

III. Theory of Operation of Pulse-Ranging LMS Systems

The basic idea of a wideband pulse-ranging system® is simple. A vehicle transmits a
pulse of radio-frequency energy. The time-of-arrival of that pulse is precisely measured
at several receive sites. Comparing the pulse’s time-of-arrival at these various receive
sites allows the transmitter’s location to be computed. For example, if the pulse arrives
at two receive sites at exactly the same time, then the transmitter must lie somewhere on
the line running down the middle between the two receive sites. As a general matter,

the line-of-position determined by any pair of measurements is a hyperbola.

Figure 1 is an illustration of this time-of-arrival measurement mechanism. Time-of-
arrival measurements require extreme accuracy if accurate vehicle location is to be
achieved. If multipath effects’ are ignored, the difference in the time-of-arrival of the
pulse at each base station in Figure 1 is directly proportional to the difference in

distance to the two base stations.

Each pair of the receive stations in the system determines a line-of-position — the set of
locations where a transmitter would generate the time difference actually seen by that

¢ Our discussion here considers a class of systems including both those that use
single, unmodulated pulses and those that use pulses modulated by a spread-spectrum
waveform.

7 Multipath refers to the combination of direct and reflected echoes that arrive at a
receiver when the signal takes multiple paths from the transmitter. Multipath is
responsible for ghosts in television. Multipath poses substantial challenges for pulse-
ranging systems. Measuring the time-of-arrival of a weak pulse is complicated if an echo
arrives at almost the same time.



pair of receivers. Figure 2 illustrates three such lines-of-position as would occur in the
configuration shown in Figure 1. As Figure 2 shows, the lines-of-position all converge
near a single region. The center of that region is a good estimate of the location of the

vehicle.
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Figure 1 Signalling from a vehicle served by an LMS system

Because pulse-ranging systems cannot know the exact time a pulse is transmitted, these
systems must use time differences of pulse arrivals. This technique requires a minimum
of four receive sites to guarantee an unambiguous location estimate. In practice, an
operating pulse-ranging system would probably use more than four receive sites to
improve the quality of the location estimates and to improve reliability.

Navigation systems like LORAN-C or GPS also use time difference of arrival (TDOA)
computations. However, in pulse-ranging LMS systems the signals travel from the
mobile to the fixed network — the reverse of LORAN and GPS — and the calculations
are performed at the fixed end of the system, rather than in the mobile.

Any simple measure of interference effects, such as signal-to-noise ratio at a single point,
is not appropriate for determining whether there is harmful interference. For example,



